. A raised SMR (153) was also found for non-malignant diseases of the respiratory system. Classifications of jobs attracting either higher dust or higher fume exposures did not usefully predict these increased SMRs. Poisson regression was used to investigate risks of mortality from all cancers, cancer of the stomach, cancer of the lung, and nonmalignant diseases of the respiratory system associated with duration of employment in the foundry area, the fetding shop, the foundry arealfettling shop, and the industry in general. Monotonic dose-response relations were not found, although there were positive trends for lung cancer and employment in the foundry arealfettling shop (1-0, 1-21, 1-44,
(Exp) 92'5, SMR 134, 95% confidence interval (95% CI) 111-160) and cancer of the lung (Obs 551, Exp 378-3, SMR 146, 95% CI 134-158). A raised SMR (153) was also found for non-malignant diseases of the respiratory system. Classifications of jobs attracting either higher dust or higher fume exposures did not usefully predict these increased SMRs. Poisson regression was used to investigate risks of mortality from all cancers, cancer of the stomach, cancer of the lung, and nonmalignant diseases of the respiratory system associated with duration of employment in the foundry area, the fetding shop, the foundry arealfettling shop, and the industry in general. Monotonic dose-response relations were not found, although there were positive trends for lung cancer and employment in the foundry arealfettling shop (1-0, 1-21, 1-44, 1 .26) and for diseases of the respiratory system and employment in the fettling shop (1.0, 1-37, 1-18,1-35).
Conclusions-Confident interpretation of the causes ofthe raised SMRs was not possible. There was limited evidence of an occupational role in the excesses of lung cancer and diseases of the respiratory system. Smoking history was shown, in an indirect way, to be an unlikely explanation.
(Occup Environ Med 1994;51:316-322)
The mortality experienced by a cohort of United Kingdom steel foundry workers for the period 1946-80 was investigated by Fletcher and Ades.' This report was included in the evaluation of the carcinogenic risk of working in iron and steel founding carried out by a working group of the International Agency for Research on Cancer (IARC).' This evaluation concluded "the available evidence indicates that occupational exposures occur in iron and steel founding which are probably carcinogenic to humans." Attempts to identify causative factors have, however, met with little success. ' A further analysis of the United Kingdom study relating to mortality from cancer in the period 1946-85 was reported by Sorahan and Cooke. 4 Raised SMRs were found for cancers of the stomach and lung and an analysis in which the employment histories of those dying from these diseases were compared with matching survivors from the cohort provided evidence of an occupational involvement in the risk of lung cancer from work in the foundry area/fettling shop and weaker evidence of an occupational involvement in the risk of stomach cancer from working in the foundry area. The analysis reported here includes deaths from a further five years of follow up.
Study population
The study population has been described elsewhere,' but may be summarised as all male operatives who started work in 10 steel foundries (nine English and one Scottish) between 1946 and 1965, and were employed for at least one year. Office staff and management were excluded. All foundries were members of the Steel Castings Research and Trade Association (SCRATA), which has provided financial and technical help at various times in the history of this study. (In 1993, SCRATA was incorporated within Castings Technology International (CTI).)
Detailed job histories-defined in terms of 25 categories4-were recorded for each employee. An independent assessment of those jobs attracting higher dust and fume exposures was available. 4 The mean number of jobs for members of the cohort was 1-7, the mean duration of employment was 9 3 years, Mortality among a cohort of United Kingdom steelfoundty workers Register (NHSCR). For those not traced at the NHSCR, vital status was sought from National Insurance records held by the Department of Social Security (DSS). For this reanalysis, the vital status of those members of the cohort classified as "flagged alive" was double checked with source records held at NHSCR. A few errors were found and appropriate corrective action was taken. Also, three members of the previous study cohort (n = 10 491) were excluded because identifying particulars had been lost, and 50 records were found to be duplicates (usually relating to two periods of employment carried out by the same worker). The analysis proceeded, therefore, on the basis of records for 10 438 workers. Table 1 shows the vital status of the study population on the closing date of the study, 31 December 1990. For those known to have died, a death certificate was obtained with the cause of death coded to the 8th revision of the International Classification of Diseases (ICD-8). Table 2 shows the study population by year of commencing employment and by year of leaving (final period of) employment. The table also provides annual numbers of deaths from all causes. Occupational histories are known to the end of 1983, at which time only 607 employees (6%) were still employed by the participating foundries.
The study population had originally included a further group of 625 workers with Indian, Pakistani, or Arab surnames. Overall mortality was found to be suspiciously low for this group (Obs 41, Exp 117-1, SMR 35). This finding probably represents inadequate tracing for these workers, and they have, therefore, been excluded from all analyses detailed in this report. On the basis of prior considerations and the results already described, cancer of the stomach, cancer of the lung, and non-malignant diseases of the respiratory system were selected as causes of death of primary interest for further study. It was unlikely that occupational exposure would discernibly influence general mortality, and mortality from all causes was also studied, to assess the usefulness of the explanatory variables. Table 6 provides relative risks by levels of four employment histories (16 separate analyses) in which employment history was analysed simultaneously with attained age, calendar year, period of follow up, employment state, and foundry. (In constructing the models, levels were combined to ensure that, for each variable, at least one death was observed in each level as entered into the analysis.) The inclusion of employment history into the overall model made a statistically significant improvement to the model for four of the 16 analyses (duration of employment in the fettling shop and mortality from all causes and from diseases of the respiratory system; duration of employment in the foundry area/fettling shop, and mortality from all causes and from lung cancer). Table 6 also shows, under the heading "trend", estimates of relative risk per unit change in level of employment history. These relatives risks were obtained from a further 16 separate analyses in which the four levels of employment history were treated as a continuous variable (coded 1 to 4). The largest , relative risks are shown for analyses of (1) cancer of the stomach and foundry area employment, (2) cancer of the lung and employment in the foundry area/fettling shop, and (3) diseases of the respiratory system and employment in the fettling shop, although only the last two risks were statistically significant. The stability of the relative risks derived from the three analyses may be assessed by comparison with risks derived from sparser models (see table 7 ). The full model presented in table 6 is model 5. Associations with employment history were stronger in the full model, although, in general, differences were modest. tSee text. Table 8 shows the relative risks for levels of period of follow up, calendar year, foundry, and employment state (simultaneous analysis summarised in table 6) for three analyses. As expected, in service death rates were lower than corresponding rates among leavers. There were pronounced differences in mortality between foundries, both for lung cancer and for diseases of the respiratory system. Also, there were pronounced negative trends for mortality by calendar year; these trends relate, of course, to absolute risks and not to relative mortality patterns as described by SMRs.
All analyses summarised in table 6 were repeated with the four employment history variables lagged by 10 years. By definition, deaths occurring in the 10 year period after first employment were uninformative and were ignored. Findings were not very different from those displayed in table 6. Monotonic dose-response effects were not found.
Discussion
The main purpose of this analysis was to carry out a further assessment of the likely involvement of occupational exposures in the raised SMRs known to exist for this cohort, both for cancer of the stomach and cancer of the lung, and to consider whether such exposures are a risk factor for non-malignant diseases of the respiratory system. The new findings are disappointing from the point of view of facilitating a confident interpretation. For example, there were a number of dramatically raised SMRs for lung cancer but clear trends were not seen for SMRs either by year of hire (even though general working conditions were much better for the 1961-5 entrants than for the 1946-50 entrants) or by period of follow up (occupa-be incorporated into further analyses. Such an assessment might lead to an explanation for the significant interfoundry variation in respiratory disease risks, and this would be more useful than, say, extending the period of follow up for a further five years. Consideration would have to be given to the composition of binders and to the other products used in foundries. Formulations change over the years and in a retrospective survey important items could easily be missed if only a few individual components were assessed. Until more definitive data become available on relations between exposure of foundry workers to individual chemicals and increased risks of cancer, efforts in foundries are probably better directed to the total control of fume and dust.
